Introduction {#s1}
============

Estrogen therapy is widely used by millions of women worldwide as contraceptives and menopause hormone therapy (MHT) to control menopause symptoms, osteoporosis and dementia in older women \[[@r20], [@r36]\]. The high contraceptive efficacy and the benefits of MHT are counteracted by the increased risk of cancer \[[@r4], [@r16], [@r27]\] and venous thrombosis among users \[[@r1]\].

Estrogen treatment increases coagulation factors, decreases natural anticoagulant activity and also those involved in fibrinolysis \[[@r19], [@r49], [@r53]\]. The changes in the plasma coagulation profile produce a prothrombotic shift of the hemostatic balance that may lead to an altered hypercoagulability state that can be favouring thrombogenesis \[[@r45]\]. Recent guidelines recommend that MHT should be prescribed at the lowest effective dose for the shortest possible duration and the regimen regularly reviewed considering the patient's risk factors \[[@r46]\].

The life expectancy of women has considerably been increased along the last years with longer postmenopausal periods leading the menopause symptoms and complications which consequently reduce the quality of life. These facts reveal the need to search for more specific, efficacious and safer alternative agents with less risk of MHT adverse effects.

Currently, our group has been seeking for new estrogen alternatives safer for MHT users particularly without producing thrombotic risk \[[@r28], [@r36]\]. We have described the anticoagulant effects produced by 17β-aminoestrogens in mice and rats which contrast with the procoagulant effects exhibited by the natural hormone estradiol (E~2~) \[[@r28],[@r29],[@r30],[@r31]\].

In healthy young women, the E~2~ at physiological levels acts as a modulator of transcription factor genes of blood coagulation maintaining the equilibrium between procoagulant and anticoagulant factors preserving the balance of the hemostatic processes \[[@r45]\]. Supra-physiological levels or exogenous pharmacological doses could impair the coagulation system, inducing to an imbalance that could lead to a prothrombotic state predisposing to a thrombosis risk \[[@r19], [@r45], [@r53]\].

*In vivo*, experimental studies with estrogen on the blood coagulation system are a complex issue. In mice and rats, natural and synthetic estrogens produce biphasic effects on blood clotting time. These effects occur depending on the route of administration, the dosage and estrogen used \[[@r28]\]. Additionally, mice and rats also have inter- and intra-species significant differences in some hemostatic parameters \[[@r30], [@r32]\] that hinder the extrapolation and draw conclusions.

Ovariectomy in mice and rats is an experimental model used in many preclinical studies to remove the primary estrogen source. After ovariectomy, the endogenous ovarian estrogen production ceases, this leads to uterine involution two or three weeks after surgery. The ovariectomized (Ovx) animals are commonly used to test estrogenic activity of natural and synthetic estrogens evaluating their capability to restore uterine weight that is considered a marker for estrogenicity allowing comparing such effects with those of the natural hormone E~2~. The thrombogenic risk of estrogen derivatives has been associated with the estrogenic content of the formulations \[[@r49]\] however, estrogen effects data in rodents hemostasis is limited \[[@r10], [@r11], [@r24], [@r34], [@r40], [@r43], [@r52], [@r57]\] and the changes in hemostatic parameters induced after ovariectomy have not been fully explored. In a previous work with mice and rats we found significant differences in the prothrombin time (PT), activated partial thromboplastin time (aPTT), thrombin time (TT) and fibrinogen concentration (FIB) after 21 days of ovariectomy \[[@r31]\]. These markers are blood clotting parameters commonly used to monitor and detect blood clotting alterations \[[@r7], [@r12], [@r14], [@r54]\]. In the experimental design timing to use the animals after ovariectomy is a critical point to assess the biological response \[[@r56]\], impacting experimental reproducibility. To address these limitations and to characterize E~2~'s effects and actions on blood clotting, is necessary to know the time course of ovariectomy related to the uterotrophic and blood clotting effects. The data obtained may shed light to determine best usefulness time after ovariectomy, as well as the species to be used. The aim of this study was to explore the effect induced by the ovariectomy on PT, aPTT, TT, and FIB of blood coagulation parameters in adult mice and rats, analyzing the relationship between the time course of the uterine weight marker and the mentioned hemostatic parameters in both species. During this study, we performed ovariectomy to adult female CD1 mice and Wistar rats and evaluated changes in uterine weight and the hemostatic parameters: PT, aPTT, TT, and FIB concentration on days 1, 3, 5, 7, 9, 16 and 21 after ovariectomy. These data will be used as a guide for our pharmacological studies about the effects of estrogen on the blood coagulation basic hemostatic markers.

Material and Methods {#s2}
====================

The study was performed in the Laboratory of Endocrine Pharmacology of the Department of Pharmacology, at the Faculty of Medicine, UNAM, Mexico D.F. The study was approved by the Local Animal Ethics Committee. All experimental studies were conducted in accordance to the Mexican National Protection Laws of Animal Welfare (NOM-062-Z00-1999).

Animals
-------

Domestic adult female CD1 mice (*Mus musculus*) seven to eight weeks old, weighing 25--30 g and adult female Wistar rats (*Rattus norvegicus*) eight weeks old, weighing 200--250 g were bred in our Animal Breeding Division facilities. Starting the experiment, vaginal smears of the animals were obtained and only those showing cornified cells as an indicator of oestrus cycle phase were housed in standard local acrylic cages (mice: 210 × 160 × 130 mm) (rats: 425 × 266 × 150 mm) with autoclaved wood shaving bedding (90--100 g/cage) in groups of four to five. The animals were kept at constant temperature (20--22°C) in a room with 12 h-12 h light-dark, cycle (light: 07:00 to 19:00), and humidity range 50 ± 10%. They were fed with a commercial diet (Nutricubos, Purina) and tap water *ad libitum*. The mice and rats were free of all viral, bacterial and parasitic pathogens listed according to the Federation of European Laboratory Animal Science Associations recommendations \[[@r44]\].

Ovariectomy
-----------

Adult female CD1 mice and Wistar rats were bilateral ovariectomized (Ovx) under chloral hydrate anesthesia (4% solution, 280 mg/kg J. T. Baker, Mexico City, Mexico). Sham animals received anesthesia and an incision on the dorsal back, sectioning the skin and stitching similarly to that of the Ovx animals without extirpation the ovaries. After ovariectomy, the animals were randomly assigned to the different groups. Each experimental group consisted of 10 animals. Uterotrophic activity was evaluated through the uterine wet (Uww) or uterine dry weight (Udw) in Ovx mice and rats. Uterine weights were expressed in milligrams. Sham animals did not show significant differences in the hemostatic parameters with respect to the intact and treated animals on days 0 and day 1.

Experimental design
-------------------

The different groups of sham and Ovx mice and rats were housed until blood collection, and uterotrophic activity assessment was performed. Animals were caged according to each condition until blood samples were drawn. Data determinations were registered as obtained from day 0 to days 1, 3, 5, 7, 9, 16 up to day 21 post-ovariectomy. On the evaluation day, animals were weighed, the blood samples collected (as described below), their uteri were dissected, blotted, and weighed to obtain the Uww, and then were dried at 70°C for 24 h and weighed again to determine the Udw.

Blood collection
----------------

Animals were anaesthetized with intra-peritoneal injection of chloral hydrate anesthesia (4% solution, 280 mg/kg J. T. Baker, Mexico City, Mexico) prior to blood withdrawal. Each animal was placed on its back on a cork surgery table and restrained with string fixed at the corners. Arterial blood was collected by syringe suctioning from the iliac bifurcation, which provided hemolysis-free blood samples from mice (0.5--0.6 ml) or rats (4--7 ml). Blood was immediately put into plastic tubes containing 0.11 M sodium citrate (1:9, v:v). The samples were gently mixed and centrifuged at 2,500 g for 10 min at 4°C. Plasma samples were pipetted, frozen, and stored at −80°C until assayed. On completion of each blood withdrawal allows the euthanization procedure of the animals.

Hemostatic parameters
---------------------

The coagulation screening tests, PT, aPTT, TT, and FIB, were performed by modifications of the conventional clinical procedures recently reported \[[@r17], [@r29]\]. For all clotting tests, Dade® Behring reagents were used and assayed according to instructions in the package insert. Reference curves and accuracy controls were set up using the corresponding control plasma of the manufacturer. PT, aPTT, and TT clotting times were recorded using a Behring Fibrintimer BFT II (Dade® Behring). Plasma samples were warmed at 37°C for 60 seconds (s) before adding the indicated reagent. Clot formation was the end point of the reactions, and the results are reported in s. PT determination was performed using rabbit brain thromboplastin C plus (Dade® Behring). Plasma samples (50 *µ*l) were pipetted into cuvettes, and then 100 *µ*l of thromboplastin C was added to activate the reaction. aPTT was assayed using the Actin FS reagent (Dade® Behring) containing purified soy phosphatides. Actin FS (100 *µ*l) was added to plasma samples (50 *µ*l). The mixture was incubated at 37°C for 120 s and 50 *µ*l of 0.02 M CaCl~2~ (37°C) were added to activate the reaction. TT was determined using bovine thrombin (Dade® Behring) at a concentration of 5 IU/ml. Plasma samples (50 *µ*l) were treated with 50 *µ*l of bovine thrombin to activate the reaction. FIB concentration was evaluated using a mechanical fibrometer (Fibrosystem Becton-Dickinson Mod 5-117V). Bovine thrombin (100 IU/ml; Dade® Behring) was added to plasma samples (50 *µ*l) to induce clot formation. The FIB concentration was obtained from a reference curve calibrated with human plasma fibrinogen and reported in milligrams per deciliter (mg/dl).

Data analysis
-------------

Statistical significance among groups was assessed by one way variance analysis (ANOVA). The significance of the differences between control and Ovx groups was estimated by the pairwise multiple comparison procedures Dunn's and Holm-Sidak methods as indicated \[[@r58]\]. Results were expressed in means ± standard error (s.e.). Pearson correlation analysis was performed on the hemostatic parameters of CD1 mice or Wistar rats. In order to determine differences between temporal course of hemostatic parameters between mice and rats after ovariectomy, we used multiple linear regression models. The independent variables of the models were: animal species (mice/rats), linear and quadratic effect of time, ovariectomy (yes/no), and the interaction between the linear effect of time and animal species. Values of *P*\<0.05 were considered statistically significant. All the statistical analysis was performed using the Sigma Plot program version

Results {#s3}
=======

The uterine involution induced by ovariectomy in mice and rats from day 1 (24 h post-ovariectomy) to days 3, 5, 7, 9, 16 until 21 is shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Temporal course of the involution of uterine weight in CD1 mice and Wistar rats. The results correspond to the Uww. ![](expanim-64-081-i001.jpg)=control; ![](expanim-64-081-i002.jpg)=ovariectomized (Ovx) animals. Data expressed in mean ± SEM. N=10. The significance of the differences between control and Ovx groups were obtained by Dunn's method. \**P*\<0.05.. Uterine weight was measured in these same days setting Uww and Udw as biological markers for estrogenicity; since the temporal course data from Uww and Udw displayed similar patterns, only the Uww's were shown ([Fig. 1](#fig_001){ref-type="fig"}). The variation of blood coagulation parameters PT, aPTT, TT, and FIB concentrations in adult female CD1 mice and Wistar rats after ovariectomy are shown in [Figs. 2](#fig_002){ref-type="fig"} and[3](#fig_003){ref-type="fig"}Fig. 2.Temporal course of the screening tests, of PT, aPTT, TT, and FIB, in CD1 mice. ![](expanim-64-081-i001.jpg)=control; ![](expanim-64-081-i002.jpg)=ovariectomized (Ovx) animals ![](expanim-64-081-i003.jpg)=sham animals. Data expressed in mean ± SEM. N=10. \**P*\<0.05. The significance of the differences between control and Ovx groups were estimated by the pairwise multiple comparison procedures Dunn's method.PT: prothrombin time, PTT: partial thromboplastin time, TT: thrombin time, FIB: fibrinogen concentration..

Temporal course of the uterine weight in mice and rats induced by ovariectomy
-----------------------------------------------------------------------------

Ovariectomy to both caused a marked decrease of uterine weight since day 1 to day 9. Their uterine involution from day 9 up to 21 without significant changes, reaching the Uww lowest values for mice and rats ([Fig. 1](#fig_001){ref-type="fig"}).

Temporal course of hemostatic parameters in mice
------------------------------------------------

Mice ovariectomy results are shown in [Fig. 2](#fig_002){ref-type="fig"}. The control (C) and sham (S) on day 0 and one day after ovariectomy did not show significant differences \[**PT**: day 0: C=11.95 ± 0.29 S=11.25 ± 0.58 day 1: S=11.38 ± 0.56); **aPPT**: day 0: C=39.18 ± 1.61 S=35.79 ± 1.49 day 1: S=42.63 ± 2.33; **TT**: day 0: C=12.79 ± 0.37 S=12.12 ± 0.40 day 1: S=11.95 ± 0.49; **FIB**: day 0: C=188.32 ± 6.39 S=172.50 ± 9.96 day 1: S=180.88 ± 13.52\]. A biphasic response was displayed in PT and aPTT: On day 1 post-ovariectomy, PT increased 10% (*P*\<0.05) followed by significant (*P*\<0.05) decreases through days: 5, 7, 9, 16, and 21 from 9% to 11%. With the same pattern, aPTT at day 1 post-ovariectomy depicted an important increase of 53% (*P*\<0.05); decreasing afterwards to 14% (day 7; *P*\<0.05), 15% (day 9; *P*\<0.05), and 24% (day 21; *P*\<0.05). TT values decreased 24%, 15%, 20%, 16% and 14% (*P*\<0.05) on days 1, 3, 5, 7, and 21, respectively. FIB concentration increased significantly on day 1, 67%, (*P*\<0.05) then declined 46, 49, and 28% (*P*\<0.05) on days 3, 5, 7 post-ovariectomy respectively. After day 9, no significant differences were found with respect to the control group.

Temporal course of hemostatic parameters in rats
------------------------------------------------

The effect of ovariectomy on PT aPTT, TT, and FIB concentrations in rats are shown in [Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Temporal course of the screening tests, of PT, aPTT, TT, and FIB, in Wistar rats. ![](expanim-64-081-i001.jpg)=control; ![](expanim-64-081-i002.jpg)=ovariectomized (Ovx) animals; ![](expanim-64-081-i003.jpg)=sham animals. Data expressed in mean ± SEM. N=10. \**P*\<0.05 \*\**P\<*0.001. The significance of the differences between control and Ovx groups were estimated by the pairwise multiple comparison procedures Dunn's (PT, and aPTT) and Holm-Sidak (TT and FIB) methods.PT: prothrombin time, PTT: partial thromboplastin time, TT: thrombin time, FIB: fibrinogen concentration.. The control (C) and sham (S) on day 0 and one day after ovariectomy did not show significant differences \[**PT:** day 0: C=17.87 ± 0.08 S=18.04 ± 0.24 day 1: S=17.95 ± 0.21; **aPPT:** day 0: C=23.94 ± 0.77 S=22.53 ± 0.82 day 1: S=22.22 ± 0.57; **TT**: day 0: C=12.69 ± 0.18 S=12.96 ± 0.24 day 1: S=12.49 ± 0.54; **FIB:** day 0: C=185.41 ± 3.47 S=197 ± 4.46 day 1: S=211 ± 11.32\]. On days 5, 7, and 9 after surgery, PT increased slightly, around 3% (*P*\<0.05). aPTT decreased 23%, 18%, and 20% (*P*\<0.05) on days 5, 7, and 16, respectively. The rat's one way analysis of variance of TT and FIB values passed normality and equal variance tests, because of that the Holm-Sidak method was applied. TT also decreased 13% (*P*\<0.001), 11% (*P*\<0.001), 5% (*P*\<0.05), and 8% (*P*\<0.001) on days 1, 3, 5, and 7, respectively. As observed in mice, FIB concentration was the most affected parameter by the surgery procedure increasing 65% (*P*\<0.001) on day 1, at day 7 the increase was maintained in 20% (*P*\<0.005) and returned to control values on day 9. In all cases after day 21 from ovariectomy, the hemostatic parameters differences between the ovariectomized the control and sham animals were not statistically significant ([Fig. 3](#fig_003){ref-type="fig"}).

The PT temporal course values after ovariectomy of mice and rats were analyzed by a linear regression model with the explanatory variables: animal species, ovariectomy, the linear and quadratic effect of time. The interaction between the linear effect of time and the animal species explained 95% of the total variance observed in PT. All the explanatory variables were significantly associated with PT (*P* ≤ 0.002). The interaction indicates that the effect of time on PT depends on the animal species and evidenced in [Figs. 2](#fig_002){ref-type="fig"} and[3](#fig_003){ref-type="fig"}.

Discussion {#s4}
==========

Ovaries are the main source of E~2~ production into the body and to assess E~2~'s mechanisms in experimental studies; ovariectomy in rats and mice is the typical approach to address them. In this study, the ovariectomy of mice and rats produce a gradual decrease in uterine weight until the ninth day, with no further significant changes. Uterine weight loss is associated with the diestrus stage which is accompanied by increases in LH levels and reductions in plasma circulating levels of E~2~ \[[@r3], [@r12], [@r33]\]. The uterotrophic effects of E~2~ are primarily mediated by the binding and the subsequent activation of its specific nuclear receptors ERα and ERß that act as transcription factors modulating the gene expression, promoting protein synthesis and factors that ensure the reproductive functionality \[[@r8], [@r35]\].

Hormone replacement with E~2~ in the Ovx mice and rats models produced dose-dependent uterotrophic effects which in the mice occurred at lower concentrations than in the rats \[[@r30]\]. Such difference among these two species may be divergent expression pattern profiles of genes regulated by estrogens in uterus \[[@r25]\].

Moreover, the influence of ovariectomy alters the hemostatic parameters here studied in both, mice and rats. The surgical procedure *per se* (anesthesia, skin and muscle cutting and stitching) would be expected to affect similarly in the two species the explored hemostatic markers. Since the blood parameters of the sham group evaluated paralleled on day 0 and one day after surgery, although they showed greater data variability, their values showed no significant differences compared with the intact rats control group.

Mice, however, showed significant changes in all the evaluated hemostatic parameters one day after the ovariectomy, while significant changes were detected in rats only in TT and FIB, indicating sensitivity differences in their hemostatic variables between the two species.

After the surgery, inflammation processes influence the blood clotting course. These complex interactions have been reviewed and are a crosstalk between the coagulation cascade, the complement system, the fibrinolysis and the immune system which communicate through many direct and bidirectional interactions \[[@r9]\].

The ovarian hormones are considered global regulators of immune system function and surgical ovarian hormone removal impacts it delaying atrophied myofibre mass recovery. E~2~ is involved in the initial blood interaction with the vascular wall lesion conducting to the alteration of platelet activation and aggregation to generate the clot \[[@r21]\], as well as in the repair processes, wound healing of damaged tissue and restoring blood supply to ischemic tissues \[[@r37]\]. Ovariectomy induced time-related changes in some haemostatic parameters of the Ovx animals. The more significant changes in time courses after surgery between the two species were mainly in PT and aPTT.

PT temporal course patterns of mice showed to be opposite to those of rats. The curves analysis of PT values by a multiple linear regression model showed significant differences (*P* ≤ 0.002 see results) due to the species. So it could be thought that mice and rats might differ in the expression and activation of one or more of factors II, V, VII, and X, and prothrombin, since PT is clinically used to detect their deficiencies \[[@r13], [@r15]\].

The behavioral pattern of aPTT after surgery was similar between both species, though being more pronounced differences in mice. It is important to consider that during the surgical procedure; injured tissues interact with negatively charged surfaces of the surgical instruments and activate the FXII (Hageman factor). aPTT can detect changes in this factor and also in others like the V, VIII, IX, X, XI, those of contact prekallikrein and high molecular weight kininogen (HMWK) \[[@r15]\].

The administration of E~2~ in Ovx rats increases FXII stimulating the transcription of genes involved \[[@r18]\]. This factor plays a key role in the cascade proteolytic pathways, coagulation activation, fibrinolysis, and the production of kininogen during inflammation processes and is involved in maintaining the hemostatic balance \[[@r6]\]. The temporal curves of aPTT of mice and rats did not show significant statistical differences. Even when the surgery affected aPTT in both models, rats showed minor changes related to the controls, reflecting less sensitivity.

The present data extend and confirm some previous observations about inter- and intra-species and also the data of 21 days ovariectomized animals, which also showed significant differences in the PT and aPTT hemostatic variables \[[@r32]\].

In general the mice hemostatic parameters were of greater magnitude and their baseline recovery values relative to the controls did not occur except the FIB's, contrasting with the rat's profile that did recover their baseline values. These facts may be due to the inherent differences of each species reflected in the hemostatic parameters studied. Substantial differences in protein coagulation reactivity and the fibrinolytic system among different species, including humans have been reported \[[@r23]\].

Unfortunately, it has not been established a differential genetic profile related to the hemostasis in these two species allowing comparing discrepancies between them. Information about the natural estrogen E~2~ effect on the hemostatic system in rodents is limited, in part due to its rapid hepatic metabolism. Instead, is commonly preferred the evaluation of synthetic estrogens such as the 17α-ethinyl estradiol (EE) which undergoes less biotransformation and possesses high estrogenicity. Oral administration of EE to Ovx mice alters their plasma and hepatic coagulation profile, affecting the transcription of many genes involved in blood clotting. All these effects have been mainly assigned to the ERα estrogen receptor mediation \[[@r6], [@r40]\]. In Ovx rats EE oral treatment reduced the plasma essential anticoagulant tissue factor pathway inhibitor (TFPI) such effect was blocked by co-administration of the estrogen receptor antagonist ICI 182,780, indicating that these responses are also mediated by estrogen receptors \[[@r47]\].

Furthermore, the E~2~ sources in the body, in addition to the ovaries are the adrenal glands and adipose tissue. After menopause, these estrogen sources are important \[[@r2], [@r26]\]. Probably after the rodents ovariectomy these alternative estrogen sources can balance some of the studied parameters. In the rats, which showed to be less sensitive to ovariectomy than mice, it was possible to detect the recovery of all the hematological parameters baselines; while mice being more sensitive, recovered only their FIB baseline values.

Until now, there is no reference about the optimal time to use ovariectomized mice or rats. In different experimental reports Ovx animals are used immediately, few days, or 1 to 4 weeks after ovariectomy \[[@r22], [@r51]\]. The current report indicates that there is a critical surgery recovery period to be considered for the experimentation with Ovx animals to minimize hematological changes due to the surgery that could impact experimental results \[[@r48]\]. Ovariectomy in rodents has proven to be a useful model for menopause, however, the time of ovariectomy and timing of hormone replacement influence importantly the evaluation of the E~2~ target effects. Walf and Frey \[[@r55]\] have reported differences in measurements of anxiety in rats, depending on how long ago they were ovariectomized with or without E~2~ replacement \[[@r14], [@r56]\]. If this time is very short, the animals will not have adequate recovery. On the other hand, prolonged deficiency of sex hormones could produce deficiency in the receptors synthesis which can induce desensitization in target tissues \[[@r38], [@r39]\].

Our results showed that the most important changes in blood clotting occurred during the nine days after the animals' surgery. These findings are online with those recently reported by Toth *et al.* \[[@r50]\] who found early 3--7 days post-surgery changes in hematological parameters of implanted dogs. The critical importance of this first week was associated with both, inflammatory and acute phase reactions associated with increased FIB and progressive increase in platelet counts where the possibility of thrombotic events increases \[[@r41], [@r50]\].

Finally, it should be noted that the measurement of the hemostatic markers here evaluated are a guide to detect abnormal clotting of the blood in these two rodent species. These parameters provide indirect information about the route and the factors affected by ovariectomy. PT measurements give information about the initial thrombin formation necessary for the formation of plasmatic fibrin and do not reflect the coagulation activity as a whole \[[@r42]\]. Further work in these two rodent species will be necessary to establish the genetic hemostatic profiles to validate the equivalence and non-equivalence of both models that allow more assertive experimental studies related to the influence of sex hormones on the coagulation of blood.
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